In this report the search for η-mesic nuclei is reviewed. The brief description of the experimental studies is presented with a focus on the possible production of the η-nucleus bound states for light nuclei like He.
INTRODUCTION
In this article we briefly report on the search for the η-mesic nuclei. The text includes descriptions from our recent works published in references [1, 2, 3, 4] . The interested reader is also referred to the recent reviews on mesic nuclei search [1, 5, 6, 7, 8, 9, 10, 11] .
Mesic nucleus is one of the theoretically predicted and still not experimentally confirmed exotic object. In contrast to already discovered mesonic atom [12] , where negatively charged pion is trapped in the Coulomb potential of atomic nucleus, this new kind of mesonic matter consists of nucleus bound exclusively via strong interaction with neutral meson such as η, η , K, ω. One of the most promising candidates for such state is the η-mesic nucleus, postulated by Haider and Liu over thirty years ago [13] . The coupled-channel studies of the πN → πN, πN → ππN and πN → ηN reactions indicated that in the close-to-threshold region the η-nucleon interaction is attractive and strong enough to form an η-nucleus bound system [14] .
According to the theoretical considerations, the formation of the η-mesic bound state can only take place if the real part of the η-nucleus scattering length is negative (attractive nature of the interaction), and the magnitude of the real part is greater than the magnitude of the imaginary part corresponding to the η meson absorption:
Initially, it was indicated that due to the relatively small value of the ηN scattering length estimated in eighties, η-mesic nuclei could be formed only with nuclei having masses greater than 12. However, current researches show that η-nucleon interaction is considerably stronger than it was expected earlier [15] . A wide range of possible values of the ηN scattering length a ηN , extracted in some analysis reported in [8] , has not excluded the creation of η-nucleus bound states for a light nuclei such as 4 He, 3 He, T [16, 17] and even for deuteron [18] . The discovery of η-mesic bound systems would give unique possibility for better investigation of the elementary meson-nucleon interaction in nuclear medium for low energy region. Moreover, it would provide information about nucleon N * (1535) resonance [19] , about η meson properties in nuclear medium [20] as well as about the η and η meson structure [21, 22] .
The bound states have been searched in many experiments. Nevertheless, none of them gave empirical confirmation of their existence. There are only signals which might be interpreted as an indications of the η-mesic nuclei.
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EXPERIMENTAL SEARCHES OF ETA-MESIC NUCLEI
The overview of the measurements carried out in heavy and light nuclei regions one can find in Ref. [3, 4] . This section includes the summary of previous experiments and description of currently obtained results.
Heavy Nuclei Region
According to first theoretical predictions η meson was more likely to bind to a nuclei with the large number of nucleons, since the attraction of η meson could be high enough that allows to form a bound state. Therefore, at the beginning, the experimental searches were concentrated on the heavy nuclei systems.
First of such experiment devoted to the search for η-mesic nuclei was performed at BNL [23] with the positively charged pion beam scattered on lithium, carbon, oxygen and aluminium targets (π
The missing mass spectra of protons did not show any structure which could indicate the existence of the bound system. However, the BNL experiment was carried out in a region far from the recoilless kinematics that significantly reduced the probability of the possible bound state formation in the (π, N) process. Therefore, a new experiment with pion beam, which is planned at J-PARC [24, 25] for (π − , n) reaction will be carried out with the most optimal kinematic conditions. Another investigations were performed at LAMPF [26] in Los Alamos where the η-mesic 18 F production was considered based on double charge exchange reaction (DCX). In this picture the bound state is produced via collision of π + beam with the neutron inside oxygen target and decays via absorption of the η meson on the neutron and, consequently, the emission of π − . Measured excitation functions also did not reveal peak structure which could be the signature of the η mesic nuclei.
The first evidence for the existence of an η-mesic bound states was claimed by the LPI group [27, 28] which carried out the measurement of photoproduction processes: (i) γ+
B nuclei. The invariant mass distribution of the correlated π + n pairs for the first process shows a narrow peak structure below the η meson production threshold which is in agreement with the theoretical prediction supporting the η-mesic nuclei formation via N * (1535) resonance excitation and its decay into π-nucleon pair. The second process was dedicated to search for η-mesic nuclei through observation of the two-nucleon decay mode arising to the two-nucleon annihilation of η meson in the nucleus [29] . Obtained proton spectra reveal the structure which can also be the indication of the bound system. The upper limit of the photoproduction cross section for both measured reactions was determined and is equal to 10 µb.
The JINR collaboration performed the search for back-to-back π − p pairs related to the η-mesic bound states in d +
12
C → π − + p + X process [30] . An observation of the π − p back-to-back correlation as well as the resonance like structure below η production threshold could be associated with the two-body N * resonance decay related with formation of an η-mesic nucleus. However, the experiment needs to be repeated with more intensive beam and the higher spectrometer acceptance.
The COSY-GEM measurement of recoil-free p( 27 Al, 3 He)π − p X process results in observation of an enhancement in the missing mass spectrum of the 3 He which could be interpreted as a signal from 25 Mg-η bound state [31, 32] . However, it is important to confirm the result with higher statistics. Therefore, the upper limit of the total cross section for the η-mesic magnesium production was determined and is equal to 0.46±0.16(stat)±0.06(syst) nb.
Another recoil-free experiment dedicated to search for η-mesic nuclei was carried out at GSI [33] . The (d, 3 He) reaction was measured on 7 Li and 12 C targets at GSI Fragment Separator System (FRS). However, till now no final result is published.
Light Nuclei Region
According to the recent investigations [8] , the formation of η-nucleus bound states could also proceed for a light nuclei. In this case absorption is smaller, therefore, the bound states are expected to be narrower in comparison to the heavy nuclei systems what makes them a good candidates for the study of possible binding. (Fig. 3) shows the similar behaviour like those obtained for 3 Heη hadron production [36, 37] . [37] and the COSY-11 facilities (closed circles) [36] and (triangles) [44] . Scattering length fit to the ANKE and COSY-11 data is represented with dashed and solid lines, respectively. (right) Total cross-section for the dd → Heη reaction as a function of CM momentum obtained from the measurements of Frascaria et al. [38] (black diamonds), Willis et al. [39] (blue squares), Wrońska et al. [40] (magenta triangles) and Budzanowski et al. [45] (red circle). The solid line represents a fit in the scattering length approximation. The figure is adopted from [32] . Heη process as function of the excess energy Q. The full dots present the data from [34] while open squares show the data from [41] . Figure is adopted from [5] . Heη reaction. The green triangles are from [42] while red dots from [43] . The two vertical lines indicate the coherent and the break up thresholds. The inserts show the ratio of data and PWIA prediction. Figure is adopted from [7] .
The first direct experimental sign of a light η-nucleus bound states was reported by the TAPS group [42] for the η photoproduction process γ Heη reaction was observed in the spectrum being the difference between excitation curves for π 0 -proton opening angles of 170 • − 180
• and 150
• − 170
• in the center-of-mass frame. Obtained result was in agreement with the scheme according to which 3 He-η bound state is created and the η meson captured by one of nucleons inside helium forms an intermediate N * (1535) resonance which decays into pion-nucleon pair. However, the later measurement carried out with much higher statistics [43] shows that the structure observed in the π 0 -p excitation function is an artefact of the complicated background behaviour.
The search for the direct signal from η-mesic
3
He was also performed by COSY-11 [46, 47, 48, 49, 50] and COSY-TOF [33] collaborations. The excitation functions measured by COSY-11 group for the d p → pppπ − and d p → Heη threshold. The measurements were carried out with the beam momentum changing slowly and continuously around the η production threshold in each of acceleration cycle. In the first experiment, the beam momentum interval corresponded to the range of excess energy Q from about -51 MeV to 22 MeV, while in the second was extended corresponding to the excess energy Q ∈ (−70, 30) MeV.
Excitation function obtained for the dd → Experiment performed in 2010 allowed to collect the data with about ten times higher statistics. The excitation functions determined for dd → 
Hepπ
− and dd → 3 Henπ 0 processes, however do not reveal any direct narrow structure which could be signature of the bound state with width less than 50 MeV. So far, preliminary upper limit of the total cross section for the η-mesic 4 He formation and decay was estimated for both of reactions (Fig. 5) . In case of dd → (
